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MIT~R-23417B

25 April 1991

SUPERSEDING
MIT-R-23417A
27 June 1975

MITITARY SPECIFICATION

RESOTVFRS, ELECTRTCAL,, AC

This specification is approved for use by all Departments and
Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification relates to electrical resolvers. It is
not complete in itself, but must be used in conjunction with MIT~S5-81963 in
which the latter will be recognized as forming an inherent part of this
specification. (See 6.2.)

1.2 Classification.

1.2.1 Nomenclature. The namenclature should consist of the item name,
Resolver, Electrical, AC, followed by a type designation and a Part
Identifying Number (PIN) (see 6.2). All resolvers having the same design
namenclature mist be physically, mechanically, and electrically
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indicated by a cambination of digits and letters. TIllustrated in Table I is
the camplete nomenclature for a resolver type 23R32N4B.

1.2.1.1 Size. The first two rumerals indicate the maximm external
diameter of the resolver in tenths of an inch. If the diameter is not exactly
a whole mumber of tenths, the next higher tenth is used; for example, "23"
indicates a resolver with a maximm body diameter of 2.250 inches.

Beneficial caments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document, should be
addressed to: Commander, U.S. Army ARDEC, Attn: SMCAR-BAC-S, Picatinny
Arsenal, New Jersey 07806-5000 by using the self-addressed Standardization
Document Tmprovement Proposal (DD Form 1426) appearing at the erd of this
docuament or by letter.
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1.2.1.2 Function. The letter "R" after "Size" specifies the unit is a
resolver.

1.2.1.3 Impedance of primary winding. The numerals following the
"Function" indicate the naminal impedance of the primary winding in hundreds
of ohms. If the impedance is not exactly a whole mmbker of hundreds, the
next higher hundred is used.

1.2.1.4 Compensation. After "Impedance of primary winding," compensa-
tion is indicated as follows:

winding conpensated W
Not compensated N
1.2.1.5 Rated frequency code. The compensation—dencting letter is

followed by numerals indicating the rated frequency of the system power supply
from which the resclver is designed to operate.

Rated Frequency (Hz) Code
60 6

400 4

800 8

1000 10

10000 100

20000 200

* NOTE *

The designaticn of the resolver by the frequency
code "6" does not imply that 60 Hz must necessarily
be used. It will generally be possible to employ a
50 Hz supply with a device to reduce the wvoltage
appropriately, although certain of the resolver
characteristics will thereby be modified.

1.2.1.6 Modification. The upper case letter "A" following the frequency
digit indicates the original or basic design standard of the resolver type.
The first modification to affect the physical interchangeability or the
pexrformance characteristics of the basic type is indicated by the upper case
letter "B, and succeeding modifications are indicated by "C", "D", etc.,
except the use of letters "I", "L», "O", and "Q" is prohibited.

1.2.1.7 Part identifying mumber. The part identifying mumber following
the modification letter consists of the letter "M", the specification sheet
mmber (not including the revision letter), an assigned dash mmber, and an
upper case suffix letter designating the latest modification letter in the
type designation, as illustrated in Table II.
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2. APPLICABLE DOCUMENTS

2.1 Goverrment docmr\ertts.

2.1.1 Specifications, standards, and handbocks. The following
specifications, standards, and handbooks form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of these
doannermsaretlmsellstedmthelssueoftheneparunentofbefensenxiexof
- Specifications and Standards (DODISS) and supplement thereto, cited in the

solicitation (see 6.2).
SPECTFICATICNS
MILTTARY

MI1~-W-16878/4

MIT~5-81963

Wire, Electrical, Polytetraflourcethylene (PFIE),
Insulated, 200°C, 600 Volts, Extruded Insulation
Servocamponents, Precision Instrument, Rotating,

Cammon Requirements and Tests, General
Specification For

(See Supplement 1 for list of MIL-R-23417 specification sheets.)

STANDARDS

MILITARY

MS17182

MS17183

MS17186

Ms17187

MS35275

MS35276

MS35338

MS90406

Terminal Iug, ermp Sl:yle, Copper, Insulated
(ae.n"""v“w""‘ui‘i‘ii‘u‘-‘.u’iw; ' .l.ypl:.' J.J., Class I i, for 125°C

Total Conductor Temperature

Clamp Assenbly (Syrnchro)
Washer, Drive (Synchro)
Nut, Plain, Hexagon

Screw, Machine-Drilled Fillister Head, Slotted,
Corrosion-Resisting Steel, Passivated, UNC-2A

Screw, Machine-Drilled Fillister Head, Slotted,
Corrosion-Resisting Steel, Passivated, UNF-2A

Washer, Lock-Spring, Helical, Regular (Medium)
Series

Gage, Ring, Spline (Go—No Go)
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(Unless otherwise indicated, copies of federal and military
specifications, standards, and handbooks are available fram the Naval
Publications ard Forms Center (Attn: Documents Order Desk), Bldg. 4D, 700
Robbins Avenue, Philadelphia, PA 19111-5094.

2.2 Order of precedence. In the svent of a conflict between the text
of this document and the references cited herein (except for related
associated detail specifications, specification sheets, or MS standards),
the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific
exemption has been obtained, in which case the exception will be identified
in the text and cited in the solicitation.

3. RBQUIREMENTS

3.1 Specification sheets. The individual item requirements shall be
as specified herein, in MII~S-81963, and in accordance with the applicable
specification sheet. In the event of any conflict between the requirements
of MIL~S5-81963, this specification and the gpecification sheet, the latter
shall govern.

3.2 First article. Wwhen specified (see 6.2), a sample shall be
subjected to first article inspection (see 6.3) in accordance with 4.3.

3.4 Design conventions.

3.4.1 Parts, materials and processes. Resolvers shall be constructed
of parts and materials in accordance with MIL-S-81963.

3.4.2 Direction of rotation. The standard (positive) direction of
rotation of the shaft is counterclockwise when the resolver is viewed from
the shaft extension erd.

3.4.3 Electrical angle. The electrical argle is the arngle 8 in the
equations which define the ideal magnitude and polarity relationships among
secondary voltages. Defining equations for any rotor angle and diagrams of
relative instantanecus polarity at resolver zero are as follows:

3.4.3.1 Rotor-energized resolvers.

R1 51

E(S1S3)=NE(RIR3)cos 6 - NE(R2R4) sin 8 l |
E(S2S4)=NE(R2R4)cos 8 + NE(RIR3) sin® R2 R4 S2 54

where N = transformation ratio l l

R3 53
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3.4.3.2 Stator-energized resclvers.

51 R1
E(RIR3)=NE(S1S3)cos 6 + NE(S2S4) sin ©
E(R2R4)=NE(S2S4)cos 6 — NE(S1S3) sin® S 84 R2 R4
where N = transformation ratio

3.4.4 Resolver zero. Resolver zero is the position of the rotor shaft
for which the electrical angle is zero. The electrical angle is zero when
the posn.tlon of the rotor w1th respect to the stator satisfies the secosndary

P

vo.Lr.dge polarity u—,.-.mu.muup of 3.4.2 for the resolver zero tm...u_\.m, and
minimm voltage is induced in the specified secondary winding. The minimm
voltage occurs at the rotor position where the fundamental frequency
canponent is zero and the secondary voltage at that point is in time phase
with the maximm value of secondary voltage for the same wirding. The
pertinent maximm value of secondary voltage is the first maximm position
encountered when the rotor is tarned in the positive direction from resolver
zero.

3.4.4.1 Rotor-energized resolvers. Resolver zero ocaxrs for rotor-
energized resolvers when windings RIR3 and $2S4 are at minimm coupling and
is determined in accordance with Figure 1.

3.4.4.2 Stator-energized resolvers. Resolver zero occars for stator-
qmg*aa resslvers when 1nw-'|1v\.gu €183 ard R2R4 are at minimm r_g‘r_p]_':m amd

is determined in accordance with Fiqure 2.

3.5 Design and construction.

3.5.1 Terminal and lead wire identification. When screw and solder
pin terminals are designated, the terminals shall conform to the
specifications of MI1~S-81963. When wire leads are used, the wire shall be
in accordance with MIL~W-16878/4, Type E-28. Unless otherm.se specified,
wire leads shall be a minimm of 18 J'.ndmlm':g, and shall be capable of
being pulled, bent, and twisted as required in MII~5-81963. Sleeves for
mreleadsshallbeapproxuatelyonemmng Terminal and lead wire
identification marking for terminal screw, solder pin or wire lead type

shall be in accordance with Table ITI. Terminal hardware is listed in
Table IV, '

3.5.2 Resolver configquration dimensions. Resolver configurations
including lettered dimensions shall be in accordance with the applicable
cutllnedrammsshownonf‘lgmmes3 4 and 5. lettered dimensions are

provided in Table V. Figures are not drawn to scale; for example, the stop

on the shaft may not correspord to its true position, particularly in the
size 11 and 15 resolvers.

3.5.3 Spline data. 'Iheexﬂfmmctlmofmesplmeonm%eresolvers
is as a rotational positive fastening. It is not to be used as a gear.
The tooth form shall be full depth involute. The spline shall be inspected
by MS90406.
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3.6 Performance.

3.6.1 Visual and mechanical inspection. Visual and mechanical
inspection shall be performed in accordance with 4.11.1 and shall meet the
requirements of MIL~S-81963.

3.6.2 Shaft radial and end play. Shaft radial and erd play of the
resolver rotar shaft shall be tested in accordarnce with 4.11.2, ard shall
meet the specified limits of the applicable specification sheet.

3.6.3 ghaft runout. When tested in accordance with 4.11.3, total
runout of the smooth portion of the shaft shall not exceed the specified
limits of the applicable specification sheet.

3.6.4 Variation of brush contact resistance. Following the test of
4,11.4, the variation of brush contact resistance between winding
terminations R2R4 and RIR3 of the resolver shall be as specified in
MIT~S5-81963.

3.6.5 Mechanical breakaway torgque. Mechanical breakaway torgue shall
be tested in accordance with 4.11.5, and the torgue required to turn the
resolver rotor shaft shall not exceed the value specified in the applicable
specification sheet.

3.6.6 Dielectric withstanding voltage. When tested in accordance with
4.11.6 ard Table VI, the resolver shall meet the requirements of
MI1~S-81963.

3.6.7 Insulation resistance. Unless otherwise specified in the appli-
cable specification sheet, the insulation resistance between the application
points designated in Table VI shall be measured in accordance with
4.11.7, and shall not be less than the values specified in MIL~S-81963.

3.6.8 Qurent. The axrent drawn by each primary winding shall be in
accordance with 4.11.8, arnd shall be within the limits specified in the
applicable specification sheet.

3.6.9 Power. The power consumption of each primary winding shall be
in accordance with 4.11.9, ard shall be within the limits specified in the
applicable specification sheet.

3.6.10 Transformation ratio. (See 6.4.14).

3.6.10.1 Rotor-energized. The transformation ratio for each
stator/rotor winding combination shall be within the specified limits of the
applicable specification sheet when measured in accordance with 4.11.10.1.

3.6.10.2 Stator-energized. The transformation ratio for each
rotor/stator or rotor/compensator winding combination shall be within the
specified limits of the applicable specification sheet when measured in
accordance with 4.11.10.2.
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3.6.10.3 Transformation ratio variation with voltage. mle.n tefl:ed in
accordance with 4.11.10.3, the transformation ratio for each
cambination with maxirmm and minimum operating voltages shall be within the
limits specified in the applicable specification sheet in comparison to the
value obtained at the test voltage.

3.6.10.4 HFpality of transformation ratios. When tested in accordance
with 4.11.10.4, the maximm difference between the transformation ratiocs
measuredm36101and361025ha11bew1th1nthelm1tsspec1fledm

+ha areml Wl a 1 Firatd

3.6.11 Phase shift. (See 6.4.9.)

3.6.11.1 Rotor-energized. The phase shift for each stator/rotor
winding combination shall be within the limits specified in the appiicable
specification sheet when measured in accordance with 4.11.11.1.

3.6.11.2 Stator-energized. The phase shift for each rotor/stator or
rotor /canpensator winding cambination shall be within the limits specified
in the applicable specification sheet when measured in accordance with
4.11.11.2.

3.6.11.3 Phase shift variation with voltage. When measured in
accordance with 4.11.11.3, the phase shift variation for each winding
cambination at maximum and minimm operating voltages shall not exceed the
limits specified in the applicable specification sheet.

3.6.12 Function error. (See 6.4.4)

3.6.12.1 Stator-energized. When tested in accordance with 4.11.12.1,
function error shall not exceed the value specified in the applicable
specification sheet.

3.6.12.2 Rotor-energized. When tested in accordance with 4.11.12.2,
function error shall not exceed the value specified in the applicable
specification sheet.

3.6.13 Electrical error. (See 6.4.3) Electrical error shall not
exceed the value specified in the applicable specification sheet when tested
in accordance with 4.11.13.

3.6.14 Residual (null) voltage. (See 6.4.11) Fundamental and total

residual voltages shall be within the limits specified in the applicable

aii Smae SSppe

specification sheet when tested in accordance with 4.11.14.

3.6.15 Interaxis error. (See 6.4.8) Interaxis error shall not exceed
the value specified in the applicable specification sheet when tested in
accordance with 4.11.15.
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3.6.16 Impedance. (See 6.4.6) Rotor, stator, and where applicable,
campensating winding impedances shall be taken in accordance with 4.11.16,
ard shall be within the limits specified in the applicable specification
sheet.

3.6.17.1 Residual voltage, compensating windings. Fundamental
residual voltage of campensating windings shall be within the limits
specified in the applicable specification sheet when tested in accordance
with 4.11.17.1.

3.6.17.2 Winding phase, compensating windings. Like-mubered
terminations of stator and compensating windings shall be of the same
polarity when the resolver is energized at its test voltage in accordance
with 4.11.17.2.

3.6.18 Resolver zero marking. Resolver zero marking shall be
accamplished in accordance with 4.11.18, and shall meet the requirements of

MTIT —CaR10£52 ared tha arevli~ahla t-v-\nr‘-l'F‘|n:4-1 v oo
NVILL T O 200 Clfd WIS Gl LGS Op AR Bl Lt LT S e

3.6.19 Security of terminals or wire leads. The security of each
screw type or solder pin type of terminal or of each wire lead, as appli-
cable to the particular type of resolver, shall be tested in accordance with
4.11.19 and shall meet the requirements of MIT~S-81963.

3.6.20 Harmonic distortion. (See 6.4.5) Harmonic distortion shall
not exceed the value specified in the applicable specification sheet when
tested in accordance with 4.11.20.

3.6.21 Shift of resolver zero.

3.6.21.1 Variation with voltage. The change of position of resolver

e t.r\".-‘n var adimm ~AF mmvimm ard minimmm redimartr tmldaon ahall e
LSl W WAL * CAba WSl WL AR LLLLALLE CA B LALRJ L LLRinAELL bﬂ_ulm: VUJ.L.I:A\:’G [ T F I W Sy S~

performedmao::ordamewrxthi; 11.21.1, ard shall be within the limits as
specified in the applicable specification sheet.

3.6.21.2 Variation with frequency. When checked in accordance with
4.11.21.2, the change of position of resolver zero shall be within the
limits as specified in the applicable specification sheet.

3.6.22 Resonant frequency response. When tested in accordance with
4.11.22, the resolver shall meet the minimm recuirement for resonant
frecuency response for each primary winding combination as specified in the
applicable specification sheet.

3.6.23 Temperature rise. Wwhen tested in accordance with 4.11.23, the
toamarativre rise calculated from the ovnrm::\nh in MIT~G-81963 shall 'nn‘l'

T i PR~ e L R a0 SmAes s a0

exceed the value specified in the appllcable specification sheet.
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3.6.24 Electromagnetic interference. Electromagnetic conducted and
radiated interference of the resolver shall be tested in accordance with
4.11.24, and shall not exceed the limits of MIT~S-81963.

3.7 Enwirommental.

3.7.1 Vibration. The resolvers shall be tested in accordance with
4.12.1, ard shall meet the requirements specified in MII~S-81963 and
Tabl I herein.

3.7.2 Shock.

3.7.2.1 Shock, low impact. The resolvers shall be tested in

accordance with 4.12.2.1, and shall meet the requirements specified in
MIIL~S-81963 and Table VII herein.

3.7.2.2 Shock, high impact. The resolvers shall be tested in
accardance with 4.12.2.2, ard shall meet the requirements specified in
MII~S-81963 and Table VII herein.

3.7.3 Altitude.
3.7.3.1 Altitude, low temperature. The resolvers shall be tested in

accordance with 4.12.3.1, and shall meet the requirements of MIL~-S5-81963
and Table VII herein.

3.7.3.2 altitude, high temperature. The resolvers shall be tested in
accordance with 4.12.3.2, and shall meet the requirements of MIL~S-81963 and
Table VII herein.

3.7.4 Ambient temperature.

3.7.4.1 Ambient low temperature. The resolvers shall be tested in
accordance with 4.12.4.1, and shall meet the requirements of MIL~S-81563 and
Table VII herein.

3.7.4.2 Ambient high temperature. The resclvers shall be tested in
accordance with 4.12.4.2, and shall meet the requirements of MIL-S-81963 and
Table VII herein.

3.7.5 Endurance. The resolvers shall be tested in accordance with
4.12.5, and shall meet the recuirements of Table VII as listed herein.

3.7.6 Moisture resistance. The resolvers shall be tested in
accordance with 4.12.6, and shall meet the requirements of Table VII herein.

3.7.7 Explosion resistance. When required by the applicable
specification sheet, the resolvers shall be tested in accordance with

4.12.7, ard shall meet the requirements of MIL-S-81963.
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3.7.8 Salt a ere. When requ_u:ed by the applicable specification
sheet, the resolvers shall be tested in accordance with 4.12.8, ard shall
meet the requirements of MIL~S-81963.

3.8 Identification marking. The resolvers shall meet the identifica-
tion marking requirement as specified in MII~S-81963. The namenclature to
be employed shall be in accordance with 1.2.1 and the applicable
specification sheet.

3.9 Workmanship. The resolver shall meet the workmanship requirements
S-81963.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the
contract or parchase order, the contractor is responsible for the
performance of all inspection requirements (examinations and tests) as
specified herein. Except as otherwise specified in the contract or purchase
order, the contractor may use his own or any other facilities suitable for

e ey P VoY Poe = et uhl e b e et £ a3 L
the PEriarmance of the ]._‘ﬁ.::tm.,l.J.Gn rl::.iulrcumu.s :vhm..lx.lw uE‘:rem, uiiess

disapproved by the Govermment. The Goverrment reserves the right to perform
any of the inspections set forth in this inspection where such inspections
are deemed necessary to ensure supplies and services conform to prescribed
requirements.

4.1.1 Responsibility for compliance. All items shall meet all
requirements of sections 3 and 5. The inspection set forth in this
specification shall became a part of the contractor's overall inspection
system ar quality program. The absence of any inspection requirements in
the spec:Lflc:atlon shall not relieve the contractor of the reﬁponsj.blllty of
ensuring that all products or supplies sulmitted to the Goverrment for
acceptance camply with all requirements of the contract. Sampling
inspection, as part of mamufacturing operations, is an acceptable practice
to ascertain conformance to requirements; however, this does not authorize
sulmissiaon of known defective material, either indicated or actual, nor does
it comit the Govermment to accept defective material.

4.2 Classification of i ions.
a. First article inspection (see 4.3)
b. <Quality conformance inspection (see 4.4)
4.3 First article inspection. Wwhen required by the procuring

activity (see 6.2), first article inspection shall be in accordance with
MIL~-S5-81963.

P | o L .y [ .

4.4 ouaiity conforman inspection. Quality conformance inspection
shall be in accordance w th MI1I~S-81963 and Table VII herein.

10
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4.5 General. Unless otherwise specified herein or in the applicable
specification sheet, all testing shall be conducted in accordance with
MII~S-81963.

4.6 Test conditions. Unless cotherwise specified, each test shall be
carried out with the resolver mounted in a standard test fixture applicable
to its frame size in accordance with MIL~S-81963. An equivalent induction
type resolver bridge or resolver standard, where applicable, may be used for
electrical error testing.

4.6.1 Andular accuracy test stand. Whenspec:.fled the angular
accuracy test stand shall be an angular dividing device by which ancular
pomtlonsmaybesetw1thanerrormgreaterthan+155ecorrisofarc The
means adopted to mount the resolver shall be such that accumulated
tolerances do not introduce an error due to lack of concentricity greater

than 30 seconds of arc.

4.7 Temperature, stabilized non-operating. The stabilized non-
operating temperature of the resolver shall be as specified in MIT~S5-81963
using a secondary winding for the periodic dc resistance measurement.

4.8 Temerature, stabilized operating. The stabilized operating
temperature of the resolver shall be as specified in MII~5~81963 using a
secondary winding for the periodic dc resistance measurement.

4.9 Test voltage and frequencies. The test voltage and frequency of
the resolver are those specified for the primary winding in the appllcable
specification sheet., Performance values and their limits stated in the
applicable specification sheets are based on i percent tolerance on voltage
and frequency, on 1 percent harmonic content, and on test conditions which
are closely controlled. Unless otherwise specified, the amplitude and
frequency of test voltages shall be within 1 percent of the rated or
specified value. The total harmonic content of test voltages shall not
exceed 1 percent of the amplitude of the voltage of fundamental frequency.
In addition, at all corresponding ordinates, the divergence of the waveform
of the test voltage from that of a pure sine wave of the same rms value
shall not exceed 1 percent of the instantanecus value of the sine wave.

4.10 Degradation of performance. The following minor relaxations in
specified requirements may be permitted at the discretion of the qualifying
activity.

4.10.1 oQuality conformance tests. All the specified performance
requirements must be attained.

4.10.2 Enwvironmental tests. As appropriate during or following each
of the envirommental tests, the following minor relaxations in specified
requirements may be permitted. It should be noted that the relaxations are
not cumulative; for example, if function error is accepted at up to 0.01
percent in addition to the specified maximum value following vibration, the
function error shall still not be more than 0.01 percent in addition to the

enecified maximm value 'Fn]'lgt_._n__rg 1o 1mn.ar+ cshock .

11
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4.10.2.1 Variation of brush contact resistance. A maximm variation
of 1.5 olms or 0.75 percent of rotor dc resistance specified in the
specification sheet may be permitted. Following high impact shock, a
maximm variation of 2.25 olms or 1.125 percent of rotor dc resistance

stated in the specification sheet is allowed.

4.10.2.2 Function error. An irncrease of 0.01 percent in addition to
the maximm percent function error value specified in the specification
sheet may be permitted. Follwin;high jmpactshock an:.ncreaseupto 1.5
times the maximm percent function error value required in the specification
sheet is allowed.

4.10.2.3 Electrical error. Aan increase of one minute of arc in
addition to the maximm electrical error value specified in the
specification sheet may be permitted. Following high impact shock, an
measeuptolstnnasthemaxmnmelectrlcalerrorreqmredmthe
specification sheet is allowed.

4.10.2.4 Mechanical breakaway torgue. An increase to two times the

P LA SRS 1 O

maximm mechanical breakaway torgue spe01f1ed in the specification sheet at
standard test temperature may be permitted. Following high impact shock, an
umcreaseuptoﬂareetmmﬂlemaxmbreakawaytorquevaluereanedon
the specification sheet at standard test temperature is allowed.

4.10.2.5 ghaft radial play. The maximum permissible radial play is
1.5 times the maximm value stated in the specification sheet. Follown_ng
high impact shock, radial play shall not exceed 2.25 times the maximm value
stated on the specification sheet value.

4.10.2.6 Shaft erd play. Regardless of the limits stated in the
spec1f1cat1c>n sheet, a minimm end play of 0.0002 inch is required. The
maximm permissible end play is 1.66 times the maximm value specified in
the specification sheet. Following high impact shock, end play shall not
exceed 2.5 times the maximum value stated on the specification sheet.

4.10.2.7 Residual (null) voltage. Following high impact shock, an

increase of 50 percent of the maximm fundamental and total residual voltage
values specified in the specification sheet is allowed.

4.10.2.8 Dielectric withstanding voltage. Following high impact
shock, the winding leakage current shall not exceed 1.5 mA when 80 percent
of the test voltage is applied.

4.10.2.9 Insulation resistance. Following high impact shock and
having been immediately preceded by dielectric withstanding, a reduction to
25 megohms insulation resistance is allowed.

12
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4.10.3 Major failures during or following envirommental tests.
Allowances having been made for the relaxations quoted in 4.10.2, major

failures experienced during or following envirommental tests shall be cause
for refusal to grant first article approval.

4,11 Test methods and examinations.

4.11.1 Visual and mechanical examination. The resolver shall be
examined in accordance with MII~S-81963 and shall meet the requirements of
3.6.1 herein.

4.11.2 shaft radial and end play. Shaft radial and end play shall be
tested in accordance with MIL-S-81963 and shall meet the requirements of
3.6.2 herein.

4.11.3 ghaft runout. Total runout of the smooth portion of the shaft
shall be performed in accordance with MIT~5-81963 and shall meet the
requirements of 3.6.3 herein.

4.11.4 Variation of brush contact resistance. The variation of hrush
contact resistance between terminals R2R4 and RIR3 of the resolver shall be
tested in accardance with MIL-S-81963 and shall meet the requirements of
3.6.4.

TS At SRS A AL AL =t S iats

shall be tested in accordance with MII~S-81963 and shall meet the require—
ments of 3.6.5.

4.11.5. Mechanical hreakawav torome. Mochanical m&a-k_ag@_y torque

4.11.6 Dielectric withstanding voltage. Dielectric withstanding

el e TV L A A A e A~ LL wETT (ol B oYl DO Sy T W Y 2

voltage shall be tested in accordance with MII~S-81963 ard Table VI herein

and shall meet the requirements of 3.6.6.

4.11.7 Insulation resistance. Insulation resistance shall be tested
in accordance with MII~S-81963 and Table VI herein and shall meet the
requirements of 3.6.7. For resolvers with maximmm operating voltages
greater than 50 volts rms, 100 volts dc shall be applied between application
points involving windings in intimate contact and 500 volts dc shall be
applied between all other application points. For resolvers with maximm
operating voltages less than 50 volts rmms, 100 volts dc shall be applied
between all application points.

4.11.8 Qurent. The current shall be tested in accordance with
MI1~S-81963. The resolver shall be hrought to the stabilized operating

trammoaratinra crmAitrion afF A4 82 and tha manrent dvrawm by aach ro-imarv windines
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when energized in accordance with 4.9 and with all other windings open-
circuited, shall meet the requirements of 3.6.8.

13
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4.11.9 Power. The power shall be measured in accordance with
MIL~5-81963. The resolver shall be hrought to the stabilized operating
tanperaturecx::rd:.t10nof4 8 arﬁthepowerconsxmxedbyeadmprmaxywnﬂm
when energized in accordance with 4.9 and with all other windings open—
circuited, shall meet the requirements of 3.6.9.

4.11.10 Transformation ratio.

4.11.10.1 Rotor-energized. The resolver shall be mounted in the
argularacc:macyteststardmaccordarnewﬁh461 hrcughttothe

stabilized operating temperature condition of 4.8, energized in accordance
with 4.9, and set at resolver zero in accordance with the applicable flgure
of 3.4.4.

The resolver shall then be connected and the rotor positioned in
accordance with Table VIII as applicable. The secondary winding voltage at
the position of maximum coupling shall be measured with a fundamental
frequency, rms-voltage-indicating instrument that shall not alter the open-
circuited secondary voltage by more than 0.05 percent. The ratio of this
secondary winding voltage to the prrmary energization winding voltage is the
transformation ratio which shall be in accordance with the requirements of
3.6.10.1.

4.11.10.2 Stator-energized. The test conditions of 4.11.10.1 shall be
followed and the transformation ratio shall be measured at terminals RIR3
and R2R4 for both S1S3 and S2S4 energization. Rotor-to—compensating

t.n'nﬂ'lrg values are cobtained I-nr nnlmﬂatlon base3 on 1"0'""“","5"'"""‘1" and

caompensating/stator winding measured values, R/C = R/S + C/S, at the maximm
coupling position nearest resolver zero. The transformation ratio shall
meet the requirements of 3.6.10.2.

4.11.10.3 Variation with voltage. The transformation ratio shall be
measured at the maximm and minimm operating voltages specified in the
applicable specification sheet under the test conditions of 4.11.10.1 and
shall meet the requirements of 3.6.10.3.

4.11,10.4 Bouality of transformation ratios. The maximm difference
between measured transformation ratios of 4.11.10.1 or 4.11.10.2 shall be in

accordance with the requirements of 3.6.10.4.

4.11.11 Phase shift.

4.11.11.1 Rotor-energized. The resolver shall be mounted in an
angular accuracy test stand in accordance with 4.6.1, brought to the
stabilized operating temperature condition of 4.8, energized in accordance

et ) Y o R i 2 o 2T, I i T P .
with 4.9, and set at resolver zero in accordance with the applicable LJ.gure

of 3.4.4. The resolver shall then be commected and the rotor positioned in
accordance with Table VIIT as applicable. The phase shift shall be measured
at the position of maximm coupling to an accuracy of + 0.10 degrees with an
instrument having a pr]mary impedance of not less than 500K chms resistance

shunted by a 30 pF capacitance. The phase shift shall be in accordance with
the requirements of 3.6.11.1.

14
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4.11.11.2 Stator-energized. The test of 4.11.11.1 shall be applied
with the following terminal substitutions: S1S3 for RIR3, S254 for R2R4,
RIR3 for S1S3, and R2R4 for S2S4. Rotor-to—-campensating winding values are
obtained by calculation based on rotor/stator and campensating/stator
winding measured values, R/C = R/S - C/S,

where:

R/C is the total rotor-to—campensating winding phase shift in degrees
R/S is the rotor-to-stator winding phase shift in degrees
C/S is the compensating-to-stator winding phase shift in degrees.

Fhase shift measurements shall meet the requirements of 3.6.11.2.

4.11.11.3 Phase shift variation with voltage. The tests of 4.11.11.1
and 4.11.11.2 shall be repeated using the minimm and maximm cperating
voltages specified in the applicable specification sheet. The phase shift
variation with primary voltage change shall be in accordance with the
requirements of 3.6.11.3.

4.11.12 Function error.

4.11.12.1 Stator-energized. The resolver shall be mounted in an
angular accuracy test stand in accordance with 4.6.1, kbrought to the
stabilized operating temperature condition of 4.8 and terminals S1S3 shall
be energized in accordance with 4.9. The rotor shall first be set to the
approximate zero position by aligning the shaft and housing zero indexes,
and then to the exact zero position by ocbtaining a null across terminals
R2R4 using the circuit shown on Figure 2. The resolver shall be connected
as shown on Figure 6 and the rotor angle set at 90 degrees with the "read-
art” transformer set to 1.00000. The normalizing transformer and phase
shift capacitor shall be adjusted to give the minimm rmll voltage reading
of the phase sensitive mullmeter. The normalizing transformer and phase
shift capacitor shall not be readjusted throughout the remainder of the
test. The "read—out" transformer settmg that results in a minimm reading
of the phase sensitive millmeter mirus the sine of the rotor angle times 100
gives the function error as a percentage of maximum output. The function
error shall be determined at 5-degree rotor angle increments fram 0 through
360 degrees, and the test shall be repeated substituting the following
terminal connections: S2S4 for S1S3; RIR3 for R2R4. At 180 degrees, the
polarity of the energizing windings must be reversed for both tests. The
function error shall be in accordance with the requirements of 3.6.12.1.

4.11.12.2 Rotor-energized. The test conditions of 4.11.12.1 shall
apply to rotor-energized resolvers except for the following terminal
substitutions: RIR3 for S1S3; R2R4 for S284; S1S3 for RIR3; S2S4 for R2R4.
The function error shall be in accordance with the reguirements of 3.6.12.2.

4.11.13 Flectrical error. Resolvers shall be tested for electrical
error by either of the proportional voltage methods described in 4.11.13.1
or 4.11.13.2. The electrical error shall be measured and recorded at rotor
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increments of not more than 5 degrees fram zero through 360 degrees,
and shall be in accordance with the requirements of 3.6.13.

4.11.13.1 Proportional voltage mulling method.

4.11.13.1.1 Stator error, rotor-energized resolvers. The resolver
shall be mxmted in accordance with 4.6.1, krought to the stabilized
operating temperature condition of 4.8 and terminals RIR3 shall be energized
in accardance with 4.9. The rotor shall first be set to the approximate
zero position using the index marks on the shaft and housing, and then to
the exact zero position using the circuit on Figure 1. The resolver shall
then be connected to the test circuit on Figure 7 and the error shall be
determined. The electrical error of the resolver is the deviation from the
(mechanical) rotor angle to balance the hridge for the following ratios:

Al nTt w nT w
—=tan 8, for 8 = — — to — + —, for n positive even integers
A2 2 4 2 4 (n=0, 2, 4, 6, etc.)
A2 nT =« nmTt =«
—=cotan 8, for 8 = — - — to — + —, for n positive odd integers
A1l 2 4 2 4 (n=1, 3, 5, 7, etc.)
Tan Cot AL/A2, A2/A]
0° 20° 0.000000
5 85 0.087488
10 80 0.176327
15 75 0.267945
20 70 0.363970
25 65 0.466307
30 60 0.577350
35 55 0.700207
40 50 0.839099
45 45 1.000000

In the bridge on Figure 7, the resistor arms S3S4, S1S2 and the divider arms
S§382, S1S84 shall be non-inductive resistors of nominal value 10K chms and
shall be equal to within 1 ohm. The angle taps of the dividers Al1/A2, A2/A1
shall be within 0.005 percent of the theoretical values stated. The phase
shift of the divider shall be less than 10 mimites of arc at the test
frecquency. The phase-sensitive nullmeter shall have an input impedance not
less than 500K chms shunted by 30 pF capacitance. The minimm indication of
the phase—~ sensitive mullmeter shall be less than the voltage equivalent to
0.2 minute of arc displacement from the mull position of the resolver wder
test when energized in accordance with 4.9. The phase-sensitive nullmeter
rejection shall be such that a quadrature input of 0.2 percent of the test
resolver maximm voltage output, coupled with a harmonic input of 1 percent
of the test resolver maximum voltage input, shall not produce a greater
meter indication than a test resolver rotor displacement of 0.2 minute of
arc from the null position.
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4.11.13.1.2 Stator error, stator-energized resolvers. The basic
circuit for electrical testing of stator error of stator-energized resolvers
is shown on Figure 8. The stator terminals of the stator-energized resolver
under test are connected to the stator terminals of the rotor-energized
resolver, of equal or larger frame size, which has successfully campleted
the electrical error tests of 4.11.13.1 and which is energized in accordance
with 4.9. 'Ihe}:rldgevoltagedlndersaretobesettomeratios
approprlatetomerotou:'angleofﬂmreﬁolvermﬂert&st (defined in
4.11.13.1. 1) and the energlzmg resolver shaft position adjusted to mull the

2 Ve s |y
bridge autput. The shaft position of the resolver under test is adjusted to

null its phase-sensitive mullmeter (No. 2). The electrical error is the
deviation of the rotor angle from the value used to set the bridge voltage
divider ratios.

4.11.13.1.3 Rotor error, stator-encrgized resolvers. The test of
4.11.13.1.1 for stator error of rotor-energized resolvers shall apply to
rotor errcr of stator-energized resolvers with the following terminal
substitutions: S1S3 for RIR3; S254 for R2R4; RIR3 for S1S3; and R2R4 for
5254.

4.11.13.2 Proportional voltage gradient methed.

4.11.13.2.1 Stator error, rotor-energized resolvers. The hasic
circuit is shown on Figure 9. The circuit and operation are similar to that

of 4.11.13.1.1, exceptthattlmphase—senmtlvermllmeterhasbeenreplaced
by a mllbrated phase-sensitive amplifier with compensating network, an
indicator and recorder. The calibrated phase-sensitive amplifier with
campensating network shall meet the 1oadJ.ng and quadratnn'e voltage rejection
requirements (for the phase-sensitive mullmeter) of 4.11.13.1.1 and shall
have constant voltage gradient (defined as electrical output per unit rotor
deviation) at all hridge settings. The resolution of the indicator and
recorder shall be such that an electrical error of 30 arc seconds may be
determined without interpolation. The electrical error for a given rotor
position is defined as the indicator/recorder reading divided by the voltage
gradient when the hridge voltage dividers are set to the appropriate ratiocs

for that rotor argle as defined in 4.11.13.1.1.

4.11.13.2.2 Stator error, stator-energized resolvers. The basic cir-
cuit is shown in Figure 10. The circuit and operation are similar to that
of 4.11.13.1.2, except that phase-sensitive mull meter No. 2 has been
replaced by a phase-sensitive calibrated amplifier with campensating network
indication ard recorder as defined in 4.11.13.2.1. The resolver under test

T om gl d
t -~ t-.hc rovl— w‘-l-10n at "1111(:!1 "cl-u: A1M|"r'1ﬂ".‘l1 oryror 1ﬂ +ﬂ "\Q

measured, and the bridge and energizing resolver set up and adjusted
approprlately for the rotor position of the resolver under test as described
in 4.11.13.1.2. The electrical error is the indicator/recorder reading
divided by the voltage gradient as defined in 4.11.13.2.1.
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4.11.13.2.3 Rotor error, stator-energized resolvers. The test shall
be carried cut as in 4.11.13.2.1 and Figure 9 (stator error, rotor-

energized resolvers) with the following terminal substitutions: S1S3 for
RIR3; S284 for R2R4; RIR3 for S1S3; and R2R4 for S284.

4.11.14 Residual (mill) voltage. Fundamental and total residual
voltages shall be measured across the terminals and at the angles specified
in Table IX. The resolver shall be mounted in the angular accuracy test
stand in accordance with 4.6.1, brax;httothestablllzedoperatm
temperature cordition of 4.8, ancl energized in accordance with 4.9. These
residual voltages may be measured by method 4.11.14.1 or 4.11.14.2. The
voltage measuring instruments used shall indicate the value in terms of the
mms value of an equivalent sine wave and shall have an input impedance not
less than 500K cohms shunted by 30 pF. The fundamental and total residual
voltages shall be in accordance with the requirements of 3.6.14.

4.11.14.1 Frequency sensitive voltmeter method. The frecquency sensi-
tive voltmeter to be used shall have a filter characteristic such that the

output changes by not greater than + 0.5 percent for a 1 percent change in
frequency from the center frequency of the filter and by -97 percent

(=30 dB) for a one octave charge fram the center frequency of the filter.
The voltmeter shall be calibrated to allow for the center frequency
insertion loss of the filter. The resolver rotor shall be turned to give a
minimm reading on the frequency sensitive voltmeter. This is the
fundamental component of the residual voltage. The voltage read by a non—
frequency sensitive voltmeter at the same (undisturbed) rotor position is
the total residual voltage.

4.11.14.2 Phase-sensitive voltmeter method. The resolver rotor shall
be turned until the in-phase camponent of the residual voltage, as indicated
by the phase-sensitive voltmeter, is zero. The quadrature reading is the
fundamental camponent of the residual voltage. The voltage read by a non-
phase-sensitive voltmeter is the total residual voltage.

4.11.15 Interaxis error. The resolver shall be mounted in an angular
acarracy test stand in accordance with 4.6.1, hrought to the stabilized
operating temperature condition of 4.8, and each of the appropriate primary
windings energized in turn in accordance with 4.9. The deviation of the
mull position from the nominal rotor electrical angles specified in
Table IX (Interaxis Serial A through H) shall be recorded. The unenergized
primary winding shall be shorted. The following interaxis errors (algehraic
differences between the deviations) shall be tabulated:

Secorndary winding: A-C, B-D, E-G, F-H
Primary winding: A-G, B-H, C-F, D-E
Resolver (overall): A-E, B-F, C-G, D-H

The interaxis errors shall be in accordance with the requirements of 3.6.15.
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4.11.16 Impedance. Impedance shall be measured in accordance with
MIL~S-81963 and Table X herein. The resolver shall be hrought to the
stabilized operating temperature of 4.8, energized in accordance with 4.9,
and set to resolver zero. The impedance shall then be measured arnd shall
meet the requirements of 3.6.16.

4.11.17 Compensating windings.

4.11.17.1 Residual (rmll) voltage. When the resolver is comnected as
shownonFigure 11, the reading of the mullmeter shall be in accordance with

1 R
e LdﬂlilLt:ue.ut-S of 3.6.17.1.

4.11.17.2 Winding phase. When the resolver is connected as shown on
Figure 12, thereadmofthevolunetershallbelessthantheprlmarytest
voltage. Winding phase shall be in accordance with the requirements of
3.6.17.2.

4.11.18 Resolver zero marking.

4.11.18.1 Rotor-energized resolvers. The resolver windings shall be
commectedasshwnonFlgureBardtherotortun)edLmtllthemlm)eter
minimm readirg is obtained. The relative position of the resolver zero
index marked on the housing and the index marked on the shaft shall be in
accordance with the recuirements of 3.6.18.

4.11.18.2 Stator-energized resolvers. Resolver zero shall be
determined as in 4.11.18.1 except for the following terminal substitutions:
S1S3, S284 for RIR3, R2R4; and RIR3, R2R4 for S1S3, S254. The relative
pos:.tlonoftherosolver zZero Mexmrkedmthehmsmarﬂthe

e mem AL Lt LT L. . L T T R Ly Uf

marked on the shaft shall be in accordance with the requirements 6.18

sUs Ll

(58]

4.11.19 Security of terminals or wire leads. The security of each
screwtypeorsolder—pmtypeofte.rmmalorofeadiw:.releads.hallbe

tested in accordance with MII~S-81963 and shall meet the requirements of
3.6.19.

4.11.20 Harmonic distortion. The resolver shall be mounted in an
argularacmracyteststarximaccordarnewuh461 brom;httothe
stabilized operating temperature condition of 4.8 while energized in
accordmwew1th49 and set at exact resolver zero as specified in 3.4.4.

4,11.20.1 Rotor—energized resoclvers. After campliance with 4.11.20,
'theresolvershallthenbeoormectedasslmnmngurem andenerglzedat

the H-\“‘m ﬂnﬂbﬁatll“lf:”f -gol-l-age mlflM in the aml 1r~r-|hln eneci 'Fl("}'!tlf_m

sheet. The total harmonic distortion is the rms value of the difference of
theamplltudeﬁuptoarﬂmludulgthem‘hharmonlc {expressed as a per-
centage of the energization voltage) in the energization voltage supply
waveform and the S1S3 ocutput, and shall be as specified in 3.6.20.
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4.11.20.2 Stator-energized resolvers. Harmonic distortion shall be
determined as in 4.11.20.1 except for the following terminal substitutions:
51S3, 8284 for RIR3, R2R4; RIR3, R2R4 for S1S83, 52S4. Value shall be as
specified in 3.6.20.

4,11,21 Shift of resclver zero.

4.11.21.1 Variation with voltage. The resolver shall be mounted in
the angular acouracy test stand in accordance with 4.6.1, krought to the
stabilized operating temperature condition of 4.8 while energized in
accordance with 4.9, and set at exact zero as specified in 3.4.4.
Energization shall then in turn be changed to the maximum and minimm
primary voltages and the resolver zeroed at each of these. The shift of
resolver zero shall be in accordance with the requirements of 3.6.21.2.

4.11.21.2 Vvariation with frequency. The test of 4.11.21.1 shall be
repeated with the test voltage held constant in accordance with 4.9 and the
resolver reset at zero when the operating frequency is first decreased by
10 peroent and then increased by 10 percent. The shift in resolver zero

un 11 acvvoslaree ibh Fhoa remiivemeard s AF 1 £ 21 09
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4.11.22 Resonant frequency response. The resolver shall be mounted in
the angular accuracy test stand in accordance with 4.6.1, and krought to the
stabilized operating terrperature cordition of 4.8 with one primary w:.ndlng
enexglzed in accordance with 4.9. The rotor shall be set at the position of
maximm coupling nearest resolver zero. The applicable secondary winding
shall be monitored to ascertain the resolver has attained maximm voltage
while similtanecusly experiencing a -90 degree phase shift. The rescnant
frequency response shall be identified and recorded at this point. The same
procedure shall be repeated with the exception that the cother primary
winding shall be energized and tested separately. The resolver shall meet
the minimm recuirement for rescnant frequency response for each primary
winding combination in accordance with the requirements of 3.6.22. Low

rrvrrunae  Frmeniorenr mayt ha rnafoaveancod s bhe ervael Fiondb i chond Fars Ansd coee
AL 3 oL L‘.Qiuslﬂ-ﬂ_! “p!’ AT L ol el Sl BACAL W ek AN Dtnr*‘.*wl—-l—ull ARG e LWL \.‘!.._;’-L\ﬂ.ll

infarmation only. Low corner frequency is the point where the output
voltage is down 3 dB and the phase shift is 45°.

4,11.23 Temperature rise. The resolvers shall be tested in accordance
with MII~S-81963. After the resolver has attained the stabilized non-
operating temperatire condition of 4.7, the dc resistance of one of the
secondary windings shall be measured. Both primary windings shall then be
energized in accordance with 4.9, with the secondary windings unloaded. The
dc resistance of the secordary winding measured prior to energization shall
again be measured when the resolver has attained the stabilized operating
temperature condition of 4.8. The temperature rise shall be in accordance
with the requirements of 3.6.23.

A.11 24 Flackromacomoetic intorforonce, The resolver shall e cnh'lnrﬂ-nﬂ
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to the electramagnetic interference test of MII~S-81963. Both resolver
primary windings shall be energized in accordance with 4.9, and the rotor
=hall be rotated at 600 + 50 rpm. A locad equivalent to four times the
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secondary winding open—circuit impedance shall be applied across both
secondary windings. Compensating windings shall be unloaded. Electro—
magnetic conducted and radiated interference of the resolver shall be in
accordance with the requirements of 3.6.24.

4.12 PFrivirommental tests.

4.12.1 Vibration. The resolvers shall be tested in accordance with
the requirements of MIT~S-81963. During the test, both rotar windings shall
bee.nergizedinaccordalnewiﬂutl 9 with their rotor shafts free to rotate

A & e oms cmall 1Y 1 A v AV —m YT e
while uwanlca“y loaded. In the case of a stator-energized resoclver, the

energizing voltage of both rotor windings shall be determined accordingly by
the transformation ratio as specified in 3.6.10. Immediately after the
test, each resolver shall be examined for loose or damaged parts and shall
then be subjected to and shall meet the requirements of 3.7.1 and Table VII.

4.12.2 Shock.

4.12.2.1 Shock, low impact. The resolvers shall be tested in
accordance with the requirements of MII~S-81963. During the test, both
rotor windings shall be energized in accordance with 4.9 with their rotor
shafts free to rotate while mechanically loaded. In the case of a stator-
energized resolver, the energizing voltage of both rotor windings shall be
determined accordingly by the transformation ratio as specified in 3.6.10.

Trmadiatelyv aftor the +oc-i- each resolver shall bhe examined for loose aor

whed b AN AD O N B AN A e Vet e ¥ =N & e

damgedpartsarﬂshallthenbesub]ectaimammllneetﬂxera;mrments
of 3.7.2.1 and Table VII.

4.12.2.2 Shock, high impact. The resolvers shall be tested in
accordance with the requirements of MIL~5-81963. During the test, both
rotor windings shall be energized in accordance with 4.9 with their rotor
shafts free to rotate while mechanically loaded. In the case of a stator-
energized resolver the energizing voltage of both rotor windings shall be
determined accordingly by the transformation ratio as specified in 3.6.10.
Immediately after the test, each resolver shall be examined for loose or
damaged parts and shall then be subjected to and shall meet the requirements
of 3.7.2.2 ard Table VII.

4.12.3.1 Altitude, low temperature. The resolvers shall be tested in
accordance with the requirements of MI1~S-81963. After the attairment
successively of the stabilized non—opexating and stabilized operating

A e e by a e . .
temperature conditions as defined in 4.7 ard 4.8, ard the ..%Elfled

reduction of chamber pressure, the resolvers shall be energized in
accordance with 4.9. While still in the specified enviromment, the
resolvers shall be subjected to and shall meet the requjrements of 3.7.3.1
and Table VII.
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4.12.3.2 BAltitude, high temperature. The resolvers shall be tested in
accordance with the requirements of MIT~S-81963. The internal ambient
temperature of the test chamber shall be raised to and controlled at
125 £ 2°C. After the attaimment successively of the stabilized non-
operating and stabilized operati_ng tenperature conditions as defined in 4.7

—\n—'l A O Ared e s e P R P L Y
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2.0 dlid Ule speciliaeq reduction of chamber p.[.e::bu.l’.e, the resolver shall
be energized in accordance with 4.9. While still in the specified
envircorment, the resolvers shall be subjected to and shall meet the
reqmrementsofB 7.3.2 and Table VII.

4.12.4 Ambient temperature.

4.12.4.1 Ambient low temperature. The resolvers shall be tested in
accordance with the requirements of MIL~S-81963. After having been allowed
to attain the stabilized mn—cmprahm temperature cordition of 4. 7, and at

atlll LR NN A Lama G

the end of the one hour period at -55 * 2°C the resolvers shall be allowed
to attain the stabilized operating temperature condition as defined in 4.8.
While still in this low temperature envirorment, the resolvers shall be
subjected to and shall meet the requirements of 3.7.4.1 and Table VII.

4.12.4.2 Ambient high temperature. The resolvers shall be tested in
accordance with the requirements of MII~5-81963. The resolvers shall be
allowed to attain the stabilized non-coperating temperature condition of 4.7
at 125 + 2°C ambient temperature. The resolvers shall then be allowed to
attain the stabilized operatirng temperature conditions as defined in 4.8 at
125 + 2°C ambient temperature. While still in this enviromment, the
resolvers shall be subjected to and shall meet the requirements of 3.7.4.2
and Table VII.

4.12.5 Endurance. The resolvers shall be tested for 2000 hours in
accordance with the requirements of MIL~5-81963, while energized as
specified in 4.9 and while rotating the rotor at 1150 + 50 rpm. After
canpletion of the endurance test, the resolvers shall be subjected to and
shall meet the requirements of 3.7.6 and Table VII.

4.12.6 Moisture resistance. The resolvers shall be tested in accord-
ance with the requirements of MII~S-81963. With each resolver shaft
horizontal, one resolver of the sample shall be energized in accordance with
4.9 and the other resolver shall be unenergized. After campletion of the
final 24-hour recovery period, the resolvers shall be subjected to and shall
meet the requirements of 3.7.6 and Table VII.

4.12.7 Egplosion resistance. When requlr& by the applicable speci-

fication sheet, the resolvers shall be tested in accordance with the
requirements of MIL~5-81963 and shall meet the requirements of 3.7.7.

4.12.8 Salt atmosphere. When required by the applicable specification
sheet, the resolver shall be tested in accordance with the requirements of
MII~S-81963 and shall meet the requirements of 3.7.8.
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4.13 Inspection of packaging. The sampling and inspection of the
preservation and packaging, packing, and container markirng shall be in
accordance with the requirements of MII~S-81963.

5. PACKAGING

5.1 Packaging requirements. The requirements for packaging shall be
in accordance with MIT~S-81963. (See 6.2.)

6. NOTES

(This section contains information of a general or explanatory nature that
may be helpful, but is not mardatory.)

6.1 Intended use. The resolvers are intended for use in applications
which require performance of trigonametric camputations, conversion between
rectangular and polar coordinates, and transmission and reception of angular
position data by one or more rotor shafts.

6.2 Acquisition reguirements. Acquisition documents must specify the
following:

a. Title, mmber, and date of the specification.

b. Titl e, mmber, and date of the am]_lﬂahle snecification sheet,

the camplete nomenclature, and the military part mumber.

c. Issue of DODISS to be cited in the solicitation, and if
required, the specific issue of individual documents referenced (see 2.1.1).

d. Whether first article inspection is required (see 3.3).

e. Level of packaging and packing, if other than Ievel C
(specified in 5.1).

6.3 First article. When first article inspection is required,
information pertaining to the products covered by this specification should
be obtained fram the contracting activity for the specific contracts
involved. Invitations for bids should provide that the Govermment reserves
the right to waive the requirement for samples for first article inspection
to those bidders offering a product which has been previcusly acquired or
tested by the Goverrment, and that bidders offering such products, who wish
torelymsuchproductlonortest must furnish evidence with the bid that

1::""-3 'an' ‘-hn el T vy

prior Govermment approval is presently appropriate for the pending contract.

Bidders should not submit altermate bids unless specifically requiested to
do so in the solicitation.

6.4 Definitions. For the purpose of this specification, the following
definitions apply.
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6.4.1 Resolver, electrical, AC. 2An electrical resolver, AC, i=s a
variably coupled transformer consisting essentially of a pair of stationary
(stator) windings displaced electrically 90° one from the other, and a pair
of rotating (rotor) windings also displaced electrically 90° one from the
other and free to rotate within the stationary windings. Either rotor or
stator may be designed to serve as the primary. The secondary voltages are
trigoncmetric functions of the primary voltages and are determined by the
transformation ratio between windings and by the angular displacement of the
rotor with respect to the stator. Campensating windings (on stator) may be
used to improve the operational performance of the resolver.

6.4.2 Electrical degree. An electrical degree is an arbitrary unit of
time required for an alternating current to complete 1/360 of one cycle of
the fundamental component of the primary voltage.

6.4.3 Electrical error. The electrical error is the difference
between the rotor angle and the electrical angle at any rotor position. The
tangent of the electrical angle is calculated from the voltages of both
secondary windings when one primary winding is energized. Electrical error
is measured in minutes of arc.

6.4.4 Function error. Function error is the difference (expressed as
a percentage of the maximm in-phase component of the secondary voltage)
between the in-phase component of the voltage of one secondary winding with
one primary winding energized and the theoretical value of the secondary
voltage. It is equivalent to:

Jas]

ano
A

- 8in 8) X 100

\
}

BB = the measured in-phase camponent at the fundamental
frequency of the secordary voltage at rotor angle 6.

E(® = 90°) = the measured in-phase component at the
fundamental frequency of the secordary voltage
at rotor angle 6 = 90°.

6.4.5 Harmonic distortion. Harmonic distortion is the Fourier
difference between the applied primary voltage waveform and the open circuit
secondary voltage waveform.

6.4.6 Impedance.

6.4.6.1 Rotor impedance Zro. The rotor impedance Zro is the impedance
of the rotor with the stator terminals open circuited.

6.4.6.2 Rotor impedance Zrs. The rotor impedance Zrs is the impedance
of the rotor with the stator terminals short circuited.
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6.4.6.3 Stator impedance Zso. 'IhestatormlpedanceZsomﬂ)e
inpedance of the stator with the rotor terminals open circuited.

6.4.6.4 Stator impedance Zss. The stator impedance Zss is the
impedance of the stator with the rotor terminals short circuited.

6.4.6.5 Compensating impedance Zco. The compensating impedance Zco is
the impedance of the campensating windings with the rotor and stator
terminals open circuited.

£ A £ £ Pl s ode 3 vame 3w Ao o Mian rueraricead-drre Tl nrmn Fowes 3
De'ta Ve WA ECL W AL A LA RS LAY e AAIS VWADLRACS LA VL) By AL RS LR LD

the impedance of the compensating windings with the stator and rotor
terminals short circuited.

6.4.7 In-phase component. The in-phase component is the fundamental
frequency component of the secondary voltage that is in phase with the
frequency camponent of the energizing voltage at the same instant.

6.4.8 Interaxis error. Interaxis error is the angular deviation of
the mull positions from true space quadrature. It is expressed as the
algehraic difference between measured angular deviations for each
cambination of windings.

6.4.9 DPhase shift. Phase shift is the difference (expressed in
P - - P N T L R I T T 7 - e T e [ et [ Y 4
Gl UL LWL uc!-_-}.L Wb} ARZLWOCITI L WIS LIRS Hm WAL LT L WU RACUILECTL VO Ll.ﬂil-ll:l Mx

camponent of the primary voltage and the time phase of the fundamental
frequency component of the secondary voltage of the resolver at the first
position of maximum coupling in the positive direction from resolver zero.

6.4.10 Rated (primary) voltage. The rated (primary) voltage of a
resolver is the line voltage of the resolver's system power supply; such as,
115 or 26 volts or the voltage range over which the resolver is designed to

operate.

6.4.11 Residual (null) voltage. Residual voltage in a resolver is the
actual voltage present at the secorndary winding at that position at which
the irnphase secondary voltage is zero. This voltage consists of the
quadratmre cc:mponent of the ene:cglzulg frequency and a camponent which is

[ P | S e et 3 o e Th v msnmamde Y et Shanl

niadie wy) of harmonics of the \:-'lli:‘:.LgJ.alug LLuiI.LI:-'.IL_Y- SUcliRd ivad, LThauuciL
voltage is the quadrature component of the energizing frequency; total
residual voltage is the fundamental residual voltage plus harmonics.

6.4.12 Rotor angle. The rotor angle is the angular mechanical dis-
placement of the shaft from the defined resolver zero position measured 1n a
positive direction.

6.4.13 Time phase. The time phase at any point in a resolver system
is the phase of the voltage at that point with respect to the phase of the

primary voltage of the system. The time phase is measured in electrical
degrees.

&J
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6.4.14 Transformation ratio. The transformation ratio is the ratio of

the fundamental frequency component of the open circuit secondary voltage
and the primary voltage at maximum coupling.

6.4.15 Windings.
6.4.15.1 Compensating winding. An additional winding which modifies

the characteristics of a primary winding, thus reducing imperfections which
would otherwise be present in the secondary voltage.

6.4.15.2 Primary winding. A primary winding is one which receives
energizing power from an external source.

6.4.15.3 Secondary winding. Any winding, cther than a compensating
winding, which gives an cutput when a primary winding is energized.

6.4.16 Units of measurement. Unless otherwise specified, units of
measurement are as follows:

a. Angles - degrees and minutes

b. Potential - volts rms

c. Impedance — chms

d. Cuarrent - amperes rms

e. Temperature - deqgrees Centigrade

f. Time phase - degrees

g. Time - seconds

h. Torgue - cunce-inches

i. Angular velocity — revolutiocns per minute (rpm)

6.5 Internaticnal standardization agreements. Certain provisions of
this specification are the subject of internmational standardization agree-—
mernts reached by the NATO Working Group on Analogue and Digital
Servocomponents (AC/301(SG/A) (WG/5)). When amendment, revision, or
cancellation of this specification is proposed which affects or vicolates the
international agreement concerned, the preparing activity will take
appropriate reconciliation action through international standardization
chamnels including departmental standardization offices, if required.

6.6 Applicable international documentation. NATO documents
applicable to this specification are Allied Standard Publication (AStanP)-3,
Volume 5990 Chapter 2, NATO Electronic/Electrical Preferred Parts List,
Resolvers, Electrical, AC; AStanP-4, Volume 5990 Chapter 4, NATO
Electronic/Electrical Technical Recommerdation, Resolvers, Electrical, AC;
and AStanP-5, Volume 5990 Chapter 4, NATO Quality Assessment Recommendation
for Electronic/Electrical Parts, Resolvers, Electrical, AC.
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6.7 Performance criteria. Physical and performance criteria for
individual resolver types are specified in the applicable specification
sheets (see 3.1) and are based on a close tolerance power supply and on test
corditions which are strictly controlled. Under service conditions, these
values may be mocdified by the affects of power supply variations and of
enviromrental conditions.

6.8 Subject term (key word) listing.

Angular accuracy
Campensating winding
Electrical angle
Electrical degree
Equality of transformation ratios
Function error

Harmonic distortion
In—phase component
Interaxis error

Phase shift

Resolver zero

Resonant frequency

Rotor argle

Residual (null) voltage
Rotor-energized resolvers
Servocanmponent
Stator-energized resolvers
Variation of voltage

6.9 Changes from grevioué issue. Marginal notations are not used in
this revision to identify changes with respect to the previous issue due to
the extensiveness of the changes.
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TABLE I. Namenclature.
23 R 32 N 4 B
Resolver
(Type Designation)

Item Name Size | Function |Impedance| Compensation |Freguency|Modification
1.2.1 1.2.1.1 1.2.1.2 1.2.1.3 1.2.1.4 1.2.1.5 1.2.1.6
TARIE II. Bxample of part identifying number.

M 23417/16 ~-01 A
Military Specification Dash Latest
Designator Sheet Number Number Modification
TABLE ITI. Termination identification marking.
Terminal No. Wire Lead Color Winding
Rl Red, White Tracer Rotor, Start
R3 Black, White Tracer Rotor, Finish
RrR2 Yellow, White Tracer Rotor, Start
R4 Blue, White Tracer Rotor, Finish
51 Red Stator, start
S3 Black Stator, Finish
52 Yellow Stator, Start
S4 Blue Stator, Finish
Cl Red, Green Tracer Campensating, Start
c Black, Green Tracer Compensating, Finish
c2 Yellow, Green Tracer Compensating, Start
Cc4 Blue, Green Tracer Campensating, Finish
NOTE:
1. Terminal designations are such that the stator and compensating

terminals with like numbers have like polarity when the resolver
rotor angle is zero degrees.
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Hardware

{

Military
Standard

Resolver
Size

Machine Screw

EE%@S‘W%ﬁgEE%E@EEEE&@%@@

=
b

) 0

MS35276-201
[}

MS35276-203
"

1)

n

n

"

n

"

"
MS35275-213

"

n

n

"

n

"

"
MS35275-226

n

11R7N4A
1TRI7N4A

< 25V-11R2N2A
26V-11R15N4B
26V-11R5N4A
SV-11R41N40A
11R23W4A
11R20W4A
11R2N4B
11R20N4A
11RIN4B
11R21N4B
15R2N4A
15R8N4A
15R28N4A
23R58N4A
15R28W4A
23R58W4A
15R11W4A
15R26W4A
23R32W4A
23R3N4A
23R8N4A
23R32N4A

Lock Washer

LR EEEFEEETEEEEE

B~~~

29

MS35338-134
"

"
n
L1}
"
"
"

11R7N4A
11R2N4B
11R20N4A
11RIN4B
11R21N4B
1IR17N4A
11R23W4A
11R20W4A

» 25V-11R2N2A
26V-11R15N4B
26V-11R5N4A
9V-11R41N40A
15RZN4A
15RE8N4A
15R28N4A
23R58N4A
15R28W4A
23R58W4A
15R11W4A
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TABLE IV. Terminal hardware - Continued.

Number
Required

Military
Starndard

Resolver
Size

Lock Washer

=
28]

[
(s J0s B N}

MS35338-135

MS35338-136

1SR2Z6WAA
23R32W4A
23R3N4A
23R8N4A
23R32N4A

Terminal Lug

=
oo B B B e

M517182-2

M517187-3

11R7N4A
11R17N4A
- 25V=-11R2N2A
26V-~11R15N4B
26V-11R5N4A
9V-11R41N40A
11R20W4A

- v v

1iRZ0N4A

Drive Washer

FEEEEEEREENENSREEEERE YR HEEERERE  FREERE

el e e e e e e e e S e e s )

M517186-6

MS17186-8

"
"
"
n
"

30

11R7N4A
11R17N4A
15R28N4A
11R23W4A
15R2N4A
15RBN4A
15R28W4A

+ 25V-11RIN2A
26V-11R15N4B
26V-11R5N4A
9V-11R41N40A
15R11W4A
15R26W4A
11R20W4A
11R20N4A
11R2N4B
1IRIN4B
11R21IN4B
23R3N4A
23R8N4A
23R32N4A
23R32W4A
23R58N4A
23R58W4A
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TABIE IV. Terminal hardware - Contimued.

i

Military
Standard

Resolver
Size

BEEEEEEEEEEEEEEEEEEEEEEE

MS17187-2

"
"
"
n
L]
n
L]
LU
L]
n
LLJ
"
n

11R7N4A
11RI7N4A
15R28N4A
11R23W4A
15R2NRA
15RSN4A
15R28W4AA

« 25V-11R2N2A
26V-11R15N4B
26V-11R5N4A
9V-11R41N40A
15R11W4A
15R26W4A
11R20W4A
11R20N4A
11R2N4B
11R21N4B

11RIN4B
23R3N4A

- ara

23R8N4A

23R32N4A
23R32W4A
23R58N4A

AATHIE OT.TA R
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Standard dimensions for resolvers.

(See Figures 3, 4 and 5 for location of lettered dimensions)

Dirension 1/ A B 2/ D E
Resolver +0.000 +0.0000 +0.0000
Size +0.010 +0.010 -0.005 -0.0005 -=0.0005
08 AS 0.750 - 0.5000
LISTED
11 oN 1.062 1.0000 0.6250
SPECIFICATION
15 SHEET 1.437 1.3120 0.8750
TABLE I1
23 2.250 3/ 1.9995 4/ 1.990 5/
SPLINE DATA Qutside Pitch Root
F Diameter | Diameter| Diameter
Resolver Ne. of | Diametral | Pressure +0.0000 | +0,0000
Size Teeth Pitch Argle -0.0005 | =0.0020 | Maximum
11 21 120 20° 0.1872 0.1750 0.155
15 21 120 20° 0.1872 0.1750 0.155
23 22 96 20° 0.2405 0.2291 0.205
NOTES:

1/ Unless otherwise specified, dimensions are in inches.

2/ B is length for full depth of tooth.

3/ Tolerance is +0.000/-0.001.
4/ Tolerance is *0.0000/-0.0010.

5/ Tolerance is +0.000/-0.005.
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Standard dimensions for resolvers — Contimed.

(See Figures 3, 4, and 5 for location of lettered dimensions)

Dimension G H I J K
Resolver
Size 10.005 +0.005 +0.005 +0.005 +0.005
08 AS 0.040 _ 0.062 0.062
LISTED
11 ON 0.062 0.062 0.093 0.062
SPECTIFICATION
15 SHEET 0.040 0.132 0.093 0.078
TABLE IT
23 0.250 0.170 0.250 0.203
Dimension L M M N N?
Resolver
Size +0.005 Minimm Minimm Minimm Mininum
08 0.687 —_— - —a ——
11 0.975 0.300 0.180 0.146 0.250
15 1.312 0.308 0.190 0.166 0.253
23 — 0.333 0.280 0.156 0.382

13
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Standard dimensions for resolvers — Continued.

(See Figures 3, 4, and 5 for location of lettered dimensions)

Dimension O P 0 R S T
Resolver +0.000
Size +0.003 +0.003 10.003 +0.005 Maximmm =0.005
08 -_— —_ — —_— — -
11 0.812 0.062 0.125 0.812 0.020 0.506
15 1.100 0.062 0.125 1.075 0.060 0.665
23 — 0.062 0.125 1.437 —_— 0.064 &f
Dimension U v W X Z
Resolver +0.0000
Size ~=0.0002 Minimam *0.005 +0.010 Maxirmmm
08 AS 0.245 _— - 0.750
LISTED
11 ON 0.285 -— 0.069 1.062
SPECIFICATION
15 SHEET 0.450 —_— 0.117 1.437
TABLE II
23 _ 0.595 7/ 0.463 8/ 1.990
NOTE:

6/ Tolerance is #0.010.

7/ Type 23R3N4A

8/ Tolerance is *0.0Q05.

34
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Test voltages and application points.

Maximm rated
voltage, rms

Initial Test Voltages,
ms (50 or 60 Hz)

Subsequent Test Voltages
ms (50 or 60 Hz)

Each winding Between Each winding Between
to housing and |electrically |[to housing and |[electrically
windings intimate windings intimate
contact contact
Up to 50 242 to 250 242 to 250 194 to 200 194 to 200
51 to 100 485 to 500 242 to 250 388 to 400 194 to 200
101 to 200 870 to 900 242 to 250 720 to 740 194 to 200

35
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TABLE VII. First article and quality conformance inspection tests.

Test | Require- Test Test method for examination Inspection

No. ment
First Article Quality
Sample Number | Conformance

1 3.6.1 4.11.1 Visual and mechanical inspection 1, 2, 3, 4 X

2 3.6.2 4,11.2 Shaft radial and end play 1, 2, 3, 4 X

3 3.6.3 4.11.3 Total shaft runout (smooth portion) 1, 2, 3, 4 X

4 3.6.4 4.11.4 Variation of brush contact resistance 1, 2, 3, 4 X

5 3.6.5 4.11.5 Mechanical breakaway torque 1, 2, 3, 4 X

6 3.6.6 4,11.6 Dielectric withstanding voltage 1, 2, 3, 4 X

7 3.6.7 4.11.7 Insulation resistance 1, 2, 3, 4 X

8 3.6.8 4,11.8 Current 1, 2, 3, 4 X

9 3.6.9 4.11.9 Power 1, 2, 3, 4 X

10 3.6.10 4.11.10 Transformation ratio 1, 2, 3, 4 X

11 3.6.10.4 }4.11.10.4| Eguality of transformation ratios 1, 2, 3, 4 X

12 | 3.6.11 |4.11.11 | Phase shift 1, 2, 3, 4 X

Source: https://assist.dla.mil -- Downloaded: 2016-06-08T21:53Z
Check the source to verify that this is the current version before use.
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TABLE VII. First article and gquality conformance inspection tests - Continued.
Test | Require- Test Test method for examination Inspection
No. | ment
First Article Quality
Sample Number | Conformance
13 | 3.6.12 [4.11.12 | Function error 1/ 1, 2, 3, 4 X
14 3.6.13 4.11.13 Electrical error 1/ 1, 2, 3, 4 X
15 | 3.6.14 |4.11.14 | Residual (null) voltage 1, 2, 3, 4 X
16 3.6.15 4.11.15 Interaxis error 1/ 1, 2, 3, 4 X
17 | 3.6.16 |4.11.16 | Impedance 1, 2, 3, 4 X
18 3.6.17.1 [4.11.17.1| Compensating residual voltage 1/ 1, 2, 3, 4 X
19 | 3.6.17.2 |4.11.17.2| Campensating winding phase 1/ 1, 2, 3, 4 X
20 3.6.18 4.11.18 Resolver zero marking 1, 2, 3, 4 X
21 | 3.6.19 {4.11.19 | Security of terminals or wire leads 1, 2, 3, 4 -
22 | 3.6.20 |4.11.20 | Harmonic distortion 1, 2, 3, 4 -
23 3.6.21 4.11.21 shift of resolver zero 1, 2, 3, 4 -
24 3.6.10.3 [4.11,10.3| Transformation ratio variation of
voltage 1, 2, 3, 4 -

LIV EZI-TIN
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TABLE VII. First article and lity conformance i ion tests - Continued.
Test | Require- Test Test method for examination Inspection
No. ment.
First Article Quality
Sample Number | Conformance
25 3.6,11.3 [4.11.11.3| Phase shift variation of voltage 1, 2, 3, 4 -
26 3.6.22 4.11.22 Resonant frequency response i, 2, 3, 4 -
27 3.6.23 4.11.23 Temperature rise 1, 2, 3, 4 -
28 3.6.24 4,11.24 Electromagnetic interference 1, 2, 3, 4 -
29 3.7.1 4.12.1 Vibration, followed by test nos. 1, 2, 3, 4 -
2, 4, 5, 6, 7, 13, 14, and 15
30 3.7.2.1 ]4.12.2.1 | Shock, low impact, followed by test 1, 2, 3, 4 -
nos. 2, 4, 5, 6, 7, 13, 14 ard 15
31 3.7.3.1 [4.12.3.1 | Altitude, low temperature during which| 1, 2 -
test nos. 4 and 7 shall be performed
32 3.7.3.2 [4.12.3.2 | Altitude, hicgh temperature during 1, 2 -
which test nos. 4, 7 and 27 shall be
be performed
33 3.7.5 4.12.5 Endurance followed by test Nos, 2, 4, 1, 2 -
5, 6, 7, 13, 14, and 15
34 3.7.4.1 |4.12.4.1 | Ambient, low temperature during which 3, 4 -
test nos. 4, 5, 6, 7, 13 ard 14 shall
be performed

LTV E2-9~TIH
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TABLE VII. First article and quality conformance inspection tests - Continued.
Test | Require- Test Test method for examination Inspection
No. | ment
First Article Quality
Sample NMumber | Conformance
35 3.7.4.2 (4.12.4.2 | Ambient, high temperature during which| 3, 4 -
test nos. 4, 5, 6, 7, 13, 14, and 15
shall be performed
36 3.7.6 4,12.6 Moisture resistance followed by 3, 4 -
test nos. 4, 5, 6, 7, 13, 14 and 15
37 3.7.7 4.12.7 Explosion resistance 1/ 1, 2 -
38 3.7.8 4,12.8 Salt atmosphere 1/ 1, 2 -
39 3.7.2.2 [4.12.2.2 | shock, high impact, followed by test 1, 2, 3, 4 -
nos. 2, 4, 5, 6, 7, 13, 14 and 15

*Test Nos. 13, Function error; 14, Electrical error; 15, Interaxis error; 18, Compensating residual
voltage; 19, Compensating winding phase; 37, Explosion resistance; and 38, Salt atmosphere shall be

performed only when required by the specification sheet.
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TABLE VIII. Transformation ratio equalitv winding combinations.

Primary Energization Shorted Secondary Rotor
Winding Winding Winding Angle
5153 S2s4, C2C4 RIR3 0°
5153 5284, C2C4 R2R4 270°
5254 5183, CiC3 R2R4 0e
5254 5183, C1C3 RI1R3 S0°
RIR3 RZR4 5153 0°
RIR3 R2R4 5254 90°
R2R4 RIR3 5254 oe°
R2R4 RIR3 5153 270°

Transformation ratio equality rotor/compensatory windings by calculation

R/C Winding Calculation Based on R/S and C/S Measured Values| Rotor Angle

RIR3

5153 = RIR3

CiC3 €13 Qe
5183

R2R4

5254 = R2R4

Cc2C4 C2C4 Qe
5254

RIR3

S254 = RIR3

C2C4 2C4 90°
5254

R4R2

S153 _ = R4AR2

Cic3 C1C3 90°
5153
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TABIE IX. Residual voltage and interaxis error connections

and ancqular displacements.

‘ Rotor
Primary Measurement Electrical Interaxis
Unit Voltage Points Angle Serial

5254 0° A

RIR3 5254 180° B

(R2R4 shorted) 5153 90° c

Rotor 5183 270° D
Energized

5183 o0° E

R2R4 5183 180° F

(R1IR3 shorted) 5254 90° G

8284 270° H

R2R4 0° A

5153 R2R4 180° B

(S254 shorted) RIR3 90° Cc

Stator RIR3 270° D
Energized

RIR3 o° E

5254 RIR3 180° F

(51S3 shorted) R2R4 90° G

R2R4 270° H

41
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TABIE X. Impedance measurements.

Terminals for Impedance

Measurements (each Voltage Across Additional
Inpedance winding tested separately)| Resolver Terminals| Connections
%ro RIR3, R2R4 See 4.9 1/
70 S284, S1S3 See 4.9 1/
Zrs RIR3, R2R4 2/ 3/
Zss 5254, 5183 4/ 3/
2co c2c4, C1C3 See 4.9 5/
NOTES:

1/ Remaining energizing winding short circuited and all other

windings open circuited.

2/ The voltage necessary to induce a current within + 3 percent

of carxrrent in Zro measurement.

3/ All other windings except campensating windings short circuited.
4/ The voltage necessary to induce a current within * 3 percent of

current in Zso measurement.

5/ Remaining compensating winding short circuited and all other

windings open circuited.
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. 51
R1
TEST R2 R4
VOLTAGE AND
FREQUENCY 52 54
(SEE 4.9)
R3 PHASE <3
- REFERENCE
VOLTAGE
PHASE
L] PHASE SENSITIVE
SHIFTER NULLMETER
|
|
FIGURE 1. Resolver zero, rotor—energized resolvers.
. R1
St
TEST 32 54
VOLTAGE AND
FREQUENCY R2 R4
(SEE 4.9)
s3
PHASE
REFERENCE R3
VOLTAGE
PHASE
Li PHASE SENSITIVE
SHIFTER NULLMETER

FIGURE 2. Resolver zerg, stator—energized resolvers.
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IDENTIFICATION TQ BE

READ FROM TERMINAL END —\
057 070 \

*i_._,(
——fn
|

.070
MAX, 1

MAX. MAX,

|

bl B
015 --‘ - .085
MIN.

SOLDER PIN
TERMINAL DETAIL

SOLDER PIN TERMINATION

’ - G "
WIRE LEAD

TERMINATION
— ~-— [ O] [001]AA]
—— A e
NOTES:

1.

CHAMFER .010
X 45

=T
"

2.
— —H—3%s- .020 wE x
.025 DEEP SLOT 3.
N U\Qom.
UNDERCUT .010
X .005 DEEP N
THESE TERMINALS FOR COMPENSATED
RESOLVERS ONLY 3.
cald 5.
c2 |
<1
$1
527 2
s3
54
R 6
R2 [[Um[ \l/ 8.
R3
TYPICAL END 0

TERMINATIONS

FIGURE 3.

PERPENDICULARITY AND CONCENTRICITY SHALL BE
MEASURED WITH THE UNIT IN A VERTICAL POSITION
SUPPORTED BY THE SHAFT, THEN THE HOUSING
SHALL BE ROTATED.

TOTAL RUNOUT OF MAJOR DIAMETER OF
FEATURE —AA— SHALL NOT EXCEED .Q008 FIM.

END PLAY AND RADIAL PLAY SHALL BE MEASURED
DURING REVERSAL OF THE FOLLOWING LOADS:

END PLAY —- 1/2 LB RADIAL PLAY — 1/4 LB
TERMINAL LEAD WIRES SHALL DEPART THROUGH
THE BACK SURFACE OF THE TERMINAL END OF
THE RESOLVER IN ANY ACCEPTABLE MANNER.

MINOR VARIATIONS OF UNIT CONFIGURATION ARE
PERMITTED FOR UNDIMENSIONED DESIGN DETANL.

UNLESS SPECIFIED OTHERWISE, DIMENSIONS ARE
IN INCHES., TOLERANCES SHALL BE: FRACTIONS
11/64, DECIMALS +.005, AND ANGLES +2°

MARK ON HOUSING IS TO BE ALIGNED WiTH SHAFT
MARK WITHIN tO° WHEN ROTOR IS SET AT
APPROXIMATELY RESOLVER ZERO AND WiLL BEAR
NO RELATION TO THE CENTER LINES SHOWN

ON THE DRAWING.

THE FRONT RETAINER SHALL EITHER BE THREADED
OR A SNAP RING,

LETTERED DIMENSIONS ARE SHOWN (N TABLE V.

Qutline drawing for size 08 resolvers.
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IDENTIFICATION TO BE
READ FROM TERMINAL END

L

SEE NOTE 7

vV TIA

WIRE LEAD TERMINATION

G

TERMINAL BLOCK A -
54
53
OMIT "C” TERMINALS o)
FOR NON—COMPENSATING 1
TYPE UNIT
LEAD WIRE _
TERMINATION
SEE TASBLE 1l ON R1
SPECIFICATION SHEET R2
FOR OPTIONAL SHAFT R3

END VIEW OF
26 VOLT OR LESS
TYPE UNITS

STOP ON M M
SH

AFT ——-—1——»'—-
(—— ———— UNDERCUT 010 WIDE
— !I | X .005 DEEP

U o
i1

FULL THREAD LENGTH

=X

NO. 10{.190)-32 UNF=2A MOD.
MAJOR DIA. 185 000

SHAFT MARK
F - SPLINE DATA

FULL SPLINE

Y1

..]__. WOODRUFF KEYCUTTER 1/8 X 3/4
\l_ (STRAIGHT KEYWAY OPTIONAL)

KEYWAY FOR STANDARD HARDWARE
.010 X 45" CHAMFER

S —mn] [—

PARTIAL VIEW
X- X

FIGURE 4.

A
ﬁ e[BlonTaal

STOP ON
SHAFT

NO. 4(.112)-40 UNC-28 TAP
1 4 HOLES EQUALLY SPACED.

c2 TOLERANCE MNOT CUMULATIVE,
DEPTH OF TAPPED HOLES
125 MIN. HOLES SHALL

:3 NOT BE DRILLED THROUGH.

4

OMIT “C" LEADS
FOR NON-—COMPENSATING
TYPE UNIT

NOTES:

1.

PERPENDICULARITY AND CONCENTRICITY SHALL BE
MEASURED WITH THE UNIT IN A VERTICAL POSITION
SUPPORTED BY THE SHAFT, THEN THE HOUSING
ROTATED.

TOTAL RUNOUT OF SMOOTH PORTION OF FEATURE —AA-—
SHALL NOT £XCEED .0008 FIM.

END PLAY AND RADIAL PLAY SHALL BE MEASURED
DURING REVERSAL OF THE FOLLOWING LOADS:

END PLAY — | POUND  RADIAL PLAY — 1/2 POUND

THE TERMINAL BLOCK SHALL BE SECURED BY SCREWS
OTHER THAN THE TERMINAL SCREWS. RECESSES SHALL
ALLOW TERMINAL LUGS, M5-17182-1, TO BE INSTALLED
WITH BARRELS INBOARD OR OUTBOARD, AND PREVENT
THE LUGS FROM TURNING.

MINOR VARIATIONS OF UNIT CONFIGURATION ARE
PERMITTED FOR UNDIMENSIONED DESIGN DETAIL.

UNLESS OTHERWSE SPECIFIED, DIMENSIONS ARE IN
INCHES. TOLERANCES ON FRACTIGNS 11/64, ON
DECIMALS +.005, AND ON ANGLES +2°

MARK ON HOUSING 1S TO MATCH SHAFT MARK WITHIN
10" WHEN ROTOR IS SET AT APPROXIMATELY RESOLVER
ZERQ AND WILL BEAR NO RELATION 10 THE CENTER
LINES SHOWN ON THIS DRAWING.

LETTERED DIMENSIONS ARE SHOWN 1N TABLE V.

Qutline drawing for size 11 and 15 resolvers.
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H —— I" SEE NOTE 7
[ —=—] |—-v
J—]  |——
K —t—] i
R —~  [o]oo[an]
IDENTIFICATION TO BE READ =B
FROM TERMINAL END
&%
3 g T. N N . -
< < 2 < < <<
[= = D [a ==
O N ™ [ k_/ T w o
SEE NOTE 4
301 | AA
TYPICAL END S v
TERMINATIONS L A o] '
STOP ON SHAFT — =

END WVIEW OF
COMPENSATING TYPE
TERMINAL MARKINGS

OMIT EVERY THIRD
TERMINAL FOR NON-—
COMPENSATING TYPE

UNDERCUT
010 WIDE X 005 DEEP

ot M ] e A

FULL THREAD LENGTH

U DA,

F — SPLINE DATA

+.000
—-.002

MAJOR DIA, 240

FULL SPLINE

STOP QN SHAFT .010 X 45" CHAMFER

PARTIAL SECTION
X - x

FIGURE 5.

1/4 - 28 UNF-2A MOD.

NOTES:

1.

PERPENDICULARITY AND CONCENTRICITY SHALL BE
MEASURED WITH THE UNIT IN A VERTICAL POSITION
SUPPORTED BY THE SHAFT, THEN THE HOUSING
RATATED

RUNOUT OF THE SMOOTH PORTION OF FEATURE —AA-
SHALL NOT EXCEED .0008 FiM.

END PLAY AND RADIAL PLAY SHALL BE MEASURED
DURING REVERSAL OF THE FOLLOWING LOADS:

END PLAY - 7 POUND  RADIAL PLAY — 1/2 POUND

THE TERMINAL BLOCK SHALL. BE SECURED BY SCREWS
OTHER THAN THE TERMINAL SCREWS. RECESSES SHALL
ALLOW TERMINAL LUGS, MS—17182—1, TO BE INSTALLED
WITH BARRELS INBOARD OR OUTBOARD, AND PREVENT
THE LUGS FROM TURNING.

MINOR VARIATIONS OF UNIT CONFICURATION ARE
PERMITTED FOR UNDIMENSIONED DESIGN DETAIL.

UNLESS OTHERWISE SPECIFIED, DIMENSIONS ARE IN INCHES.
TOLERANCES ON FRACTIONS : 1/64, ON DECIMALS + .005,
AND ON ANGLES + 27,

MARK ON HQUSING IS TO MATCH SHAFT MARK WITHIN 10
WHEN ROTOR 1S SET AT APPROXIMATELY RESOLVER ZERO
AND WILL BEAR NO RELATION TO THE CENTER LINES
SHOWN ON THIS DRAWING,

LETTERED DIMENSIONS ARE SHOWN IN TABLE V.

Qutline drawing for size 23 resolvers.
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NORMALIZING

mANaruniwr_n

PHASE
SHIFTER
READOUT
TRANSFORMER
| e ——— |
o oS R2
R1
TEST VOLTAGE 52 S4 iy
AND FREQUENCY
{SEE 4.5)
-— 4 S3 R4 [
- . -
) PHASE

SENSITIVE
NULLMETER

FIGURE 6. Function error test circuit.

52 } S4

POV,
R1 51
*—Y

TEST VOLTAGE
AND FREQUENCY
(SEE 4.9)

»

FIGURE 7.

54

7

PHASE
SHIFTER

Basic circuit for_stator electrical

error test,

- DL ACE
FrMASC

SENSITIVE
NULLMETER

b 52

rotor—enerqized
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S3
§2 54
A2
R1 S1 Al
L - T S4
ENERGIZING Al
TEST VOLTAGE RESOLVER A7
AND FREQUENCY
(SEE 4.9) N
R3 S3
RZm R4
52 54
PHASE
SENSITIVE
51 R1 NULLMETER
RESOLVER
UNDER
TEST
53 R3
PHASE
R2|”H”|R4 SHIFTER
NO. 2
PHASE SES;;%E'E
SHIFTER
NULLMETER
FIGURE 8. Basic circuit for stator electrical error test, stator—energized

b 52

resolvers, proportional voltage null methed.
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s2 + S4 (
e 00000l =
A2
R1 S Al
4 b 52
Tt '] T S ,
TEST VOLTAGE -
AND FREQUENCY A2
(SEE 4.9) W
. . . S
R3 S3

CALIBRATED PHASE
PHASE SENSITIVE AMPLIFIER
SHIFTER & COMPENSATING
NETWORK
INDICATOR
RECORDER

FICURE 9. Basic circuit for stator electrical error test, rotor—energized

resolvers, proportional voltage gradient method.
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b 52

s2
S4 .
A2
1 Al
R1 Slf o |
TEST VOLTAGE ENERGIZING Al
A2
AND FREQUENCY RESCLVER
(SEE 4.9) v
* > . St
52 s4
PHASE
SENSITIVE
St R1 NULLMETER
RESOLVER
UNDER
TEST
s3 R
PHASE
SHIF TER
INDICATOR
R2 R4
i CALIBRATED PHASE
| PHASE SENSITIVE AMPLIFIER RECORDER
| SHIFTER & COMPENSATING
i NE TWORK
|
|
|
\
| . ' ) . |
FIGURE 10. Basic circuit for stotor electrical error test, stator—energized

resolvers, proportional voligge gradient method.
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R1

52 S4

NULLMETER

W—

a. C2C4_Null

c1 C3

1GNP a Rl R3

NULLMETER

R2

N Y TN Ve

51 S3

b. C1C3 Nuli

FIGURE 11. Residual voltage test circuits, compensating windings.

TJEST VOLTAGE
AND FREQUENCY
(SEE 4.9)

51 fv\ 1
o/

All other windings open circuit

3

N
[¥]]
(gl

a. £1C3 Phasing

TEST VOLTAGE
AND FREQUENCY
(SEE 4.9)

S4 (of}
. * v
All other windings open circuit
S92 c2

b. C2C4 Phasing

FIGURE 12. Winding phasing test circuits, compensating windings.
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R1

R2 R4 52 54

R3 (/::\\ 53
N '

FIGURE 13, Resolver zero marking, rotor—energized resolver.

R1 s
»r———qy Y
MAXIMUM R2 R4 S2 sS4
OPERATING
VOLTAGE
R3 S3
HARMONIC
DISTORTION
ANALYZER

FIGURE 14. Harmonic distortion test circuit.
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